Neurodegenerative diseases including Alzheimer's disease (AD) and frontotemporal dementia (FTD) are the most frequent cause of dementia in our ageing society. These disorders are characterized by posttranslationally modified amyloidogenic proteins, such as amyloid ␤ -peptide (A ␤ ) in AD and tau in AD and FTD, which form neurotoxic oligomers and are finally deposited as insoluble amyloid fibers in senile plaques or tangles [1] [2] [3] .
genic animal models have been developed. Invertebrates such as worms and flies and vertebrates like mice have been used to understand pathogenic mechanisms [for detailed reviews, see 7, 8 ] . In addition, chemical modifiers of the disease which could be further explored to develop novel treatment approaches have been investigated in these animals. Invertebrate systems offer experimental advantages, including low costs, small size, excellent genetic tractability, a simple and rapidly developing nervous system and a short life span. However, the evolutionary and morphological distance between invertebrates and humans makes the direct translation of experimental results rather difficult and unreliable. Therefore, neurotoxic mechanisms evoked by amyloidogenic proteins may be more faithfully reproduced in vertebrate brains. For this reason, transgenic mice have been the major species used for modeling AD and FTD.
The generation of these mouse models began with the expression of wild-type tau, which led to its pathologic phosphorylation, but not filament formation. This key feature of tauopathies was only reproduced upon expressing tau with familial FTD-associated tau mutations. Subsequently, the FTD-like phenotypes could be further enhanced by the addition of A ␤ , indicating cross-talk between A ␤ and tau aggregation. Finally, coexpression of mutant tau with the Swedish mutation of the ␤ -amyloid precursor protein as well as the familial AD-associated presenilin 1 M146V mutation, led to the enhanced formation of NFTs, again supporting the amyloid cascade hypothesis. However, tau seems to be the primary mediator of toxicity and memory loss, since inhibition of tau expression in such triple transgenic mice allowed recovery of memory and a reduction in neuronal cell loss. Interestingly, under these conditions NFTs continued to accumulate, suggesting that soluble tau oligomers but not tangles may be the primary neurotoxic species [1, 7, 8] .
The abovementioned models greatly expanded our knowledge on the formation of the typical neuropathology of AD and FTD and the pathologic misfunction of disease-associated genes. However, the initial steps leading to tau phosphorylation and synaptic dysfunction, which in humans may occur presymptomatically are still poorly understood in vivo. It is extremely difficult to investigate early subtle changes and disease propagation in living mice, since their brain is not readily accessible for imaging and they need a rather long time to develop disease symptoms. In addition, large-scale screening for anti-aggregation drugs, or neurotoxicity-ameliorating compounds, is not feasible in mice. Transgenic zebrafish larvae combine many of the advantages of invertebrate and vertebrate models. Their translucent body allows whole-body imaging of cellular and subcellular processes in high detail ( fig. 1 ) both in fixed animals and in vivo [9] . In addition, large-scale compound screens, which are feasible due to the small size of the fish larvae, have already been performed [10] . Two zebrafish models of tauopathies have already been described. Tomasiewicz et al. [11] injected cDNA constructs encoding human Tau-GFP fusion proteins into zebrafish eggs to study tau pathology. While this approach led to tau phosphorylation at a pathologically relevant epitope in a small number of neurons expressing the injected DNA, it failed to generate transgenic lines with stable and reproducible expression. In addition, tangle formation, disease progression as well as neuronal loss were not described. The generation of stable transgenic lines was first achieved by Bai et al. [12] , who described a human tau-transgenic fish using the zebrafish Enolase2 promoter. This promoter allowed expressing tau specifically in the nervous system; however, no signs of tau pathology were observed at larval stages of development. This might be due to insufficient tau protein levels, since high expression levels have been shown to be essential for a concentration-dependent amyloid aggregation mechanism in model systems [13] . We have therefore developed a Gal4-UAS-based expression system to efficiently generate transgenic zebrafish overex- pressing high levels of human Tau-P301L or other disease-associated proteins under control of the neuronal zebrafish HuC promoter. The Gal4-UAS system amplifies gene expression by both the strong herpes simplex virus VP16 transcriptional activator, which is fused to Gal4, and the use of 14 UAS sites, to which the Gal4-VP16 binds [14] . The tau-transgenic fish rapidly reproduced pathological signatures of tauopathies already in early developmental stages in a time-dependent manner [15] . Pathological misfolding of tau and hyperphosphorylation at several well-studied epitopes occurred within a few hours of development, and expression of late-stage pathological markers, such as AT8, rapidly progressed over time. Furthermore, NFTs with typical neuropathological features developed after 5 weeks. In addition, the fish displayed abnormal motoneuron function, leading to a retarded escape response. After a few days, they also developed significant neurodegeneration in the nervous system, and the new model allowed for the first time to image the degeneration of neurons live in an animal model by in vivo time-lapse microscopy. Strikingly, taudependent neuronal cell loss was observed well before tangles formed. Thus, our findings may suggest that in contrast to the common opinion, tangles themselves are not neurotoxic but rather soluble tau oligomers. Alternatively, elevated levels of tau monomers might also be toxic, as they may trap cellular proteins and prevent them from executing their physiological functions.
We also used the fish to identify and validate newly developed drugs, which may modify the pathologic hyperphosphorylation of tau. Hyperphosphorylation is believed to be a key initiator of detachment of normal tau from microtubules and subsequent oligomerization and aggregation. Preventing hyperphosphorylation by kinase inhibitors could slow further progression of pathology and thus be an efficient treatment option for AD and FTD [16] . These inhibitors can be developed on a large scale by structure-based design [17] , but this approach requires in vivo validation in cell culture and animal models. We validated two newly identified inhibitors of GSK3, a major kinase in tau phosphorylation [18] . Interestingly, one compound was highly active in preventing abnormal tau phosphorylation, while the other was completely inactive in fish, though equally potent in cell culture. The inactivity of one of the inhibitors could be due to low penetration through the developing blood-brain barrier or rapid degradation or metabolism of the compound. This result illustrates the usefulness of the fish model as an effective in vivo screening tool to quickly and directly identify promising compounds and eliminate substances without reasonable in vivo activity early in the screening process. In addition, the tauopathy-like phenotypes of the transgenic zebrafish may also allow performing unbiased large-scale compound screens to identify new drug targets and new compounds capable not only of reducing tau hyperphosphorylation, but also of restoring axonal transport deficits and preventing synapse dysfunction as well as neuronal cell death.
Since the versatility of the Gal4/UAS-based vector system also allows to quickly subclone and express other proteins associated with neurodegenerative disease, the advantages of the fish system may now also be used to study related disease, such as Parkinson disease or the tau-negative cases of FTD.
Taken together, transgenic zebrafish could be a promising tool to further elucidate the early pathological processes leading synaptic dysfunction in neurodegenerative diseases and also to streamline pharmacological screening for new and effective drugs.
